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SHEAR-BOND CAPACITY OF COMPOSITE SLABS
by
S.S. Seleiml and R.M. Schuster 2
SUMMARY
This paper presents an ultimate shear-bond equation for composite slabs
failing in shear-bond.
The equation is based on recent experimental evidence of composite slabs exhibiting early end slip prior to ultimate load, and
contains the steel deck thickness as a parameter which other existing equations do not.
The presence of the steel deck thickness parameter can result
in a reduction of up to 75% of the presently required number of laboratory
performance tests.
A total of 196 test results were used to substantiate as
well as to compare the results of the equation developed with other existing
equations. The results also showed other advantages of the equation developed
whose results were always within +15% of the corresponding experimental
results.
INTRODUCTION
The term "composite slab" in building construction refers to a slab system composed of concrete permanently placed over cold formed steel decking
(see Fig. 1).
The use of composite slabs results in a valuable reduction of
both time and cost of construction. For additional detailed information about
the advantages of composite slabs, the reader is referred to Reference (10),
which also contains a noteworthy general survey and a state-of-art review of
the subject.
In the past 15 years, several equations have been presented to compute
the ultimate shear-bond capacity of composite slabs.
All equations, known to
the authors to date, contain unknown coefficients which have to be evaluated
from laboratory performance tests.
The number of experimental tests depends
in part on the desired level of accuracy of the computed ultimate shear-bond
values.
This paper presents the results of a recent study, in which a different shear-bond equation was developed.
The objective of the study was to
develop a shear-bond equation which requires the least possible number of
experiments while maintaining the presently accepted level of accuracy of
+15%.
The following part presents a review of three published shear-bond
equations which were selected for comparison with the equation derived later
in this paper.
REVIEW OF SHEAR-BOND EQUATIONS
As a result of different research carried out on composite slabs, several
shear-bond equations have been developed.
The first three equations given in
Table 1 were selected for presentation and discussion herein.
Vu is the
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TABLE 1. Equation No.
(1)

Shear-Bond Equations
Shear-bond Equation

Vus
bd

d~
= m__

+k p

(6,7)

+ kit::
c

(4)

L'

(2)

Vu s
bd

(3)*

Vu
bd

= mL+k

(4)

Vu
bd

= kl L

= m .eQ.
L'

L'

L'

Reference

+ k2 L + k3 t + k"
L'

(2,12)

(13)

*Coefficients m & k appearing in this equation replace the coefficients Fn
and ff' respectively, which appear in the indica.ted references.
ultimate tra.nsverse shear-bond capacity per unit width of slab, b, and d is
defined as the distance from the centroidal axis of the steel deck to the top
surface of the concrete compression zone.
Also, the term s represents the
center-to-center distance between shear devices. For steel deck systems with
a fixed pattern of embossments, the term s is set equal to unity. The term p
is the percent of steel, defined as As/bd where As is the cross sectional
area of the steel deck in slab width b, and f~ is the concrete compressive
strength.
The shear span, L', appearing in the denominator of the three
equations is defined as the distance between the applied load and the nearest
support (see Fig. 2). In the three equations m and k are unknown coefficients
which must be determined experimentally for each steel deck thickness of each
manufacturer's product type.
Eq. (1) of Table 1 was developed by Schuster (6,7) in 1970, based on the
hypothesis that failure is initiated by diagonal tension cracking, since early
experiments showed no end-slip prior to ultimate load. Eq. (2) has the same
form as the ACI equation for computing the ultimate shear capacity of reinforced concrete members without web reinforcement (1). Eq. (2) was obtained by
replacing the two constants (1.9 and 2500) of the ACI shear equation with the
two coefficients m and k, respectively.
Eqs. (1) and (2) contain the same
parameters but in a different arrangement. Both equations were investigated
by Porter, et aI, in 1976 (5), where the experimental values of the ultimate
shear-bond capacities of tested composite slabs were compared with the corresponding computed values using each equation. The investigation showed no
appreciable difference between Eqs. (1) and (2).
Eq. (3) was recently developed by Ling (2,12), based on the results of
recent experimental evidence showing early end-slip prior to ultimate load.
The main difference between Eq. (3) and Eqs. (1) and (2) is that Eq. (3) does
not contain the concrete compressive strength and the percent of steel term.
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In a recent study, Seleim (13) showed that there is no noteworthy differences
between the results obtained by using any of Eqs. (1), (2) or (3), indicating
that the two terms (f~ and p) have no significant effect on the ultimate
shear-bond capacity. This has also been concluded by Schuster and Ling (12).
DEVELOPMENT OF SHEAR-BOND EQUATION
Recent experiments showed that some composite slab systems failing in
shear-bond do exhibit end-slip prior to ultimate load (3,8,9,11,12).
This
end-slip occurs almost simultaneously with the formation of the first potential failure crack at a load ranging between 50-60% of the ultimate shear-bond
capacity.
The development of any shear-bond equation requires the establishment of
the basic characteristics of the failure mechanism. In the development of the
shear-bond equation presented in this paper, the characteristic behaviour of
both steel and concrete was assumed to be the same as in reinforced concrete.
Different researchers make different assumptions regarding the cause of a
shear-bond failure. In this paper, a shear-bond failure mechanism is characterized in the following manner:
Initially, before crack, the load is carried by both the steel deck and
concrete.
The mechanical shear devices (embossments) are transmitting shear
forces between the steel deck and concrete, so as to maintain the composite
action. Under the applied load and before the potential failure crack occurs,
both concrete and steel deck will deflect together.
With an increase in
applied load and due to the difference in flexural rigidity between the steel
deck and concrete, a vertical separation is initiated under either of the
loads, point A in Fig. 2, where the slope of the bending moment diagram
changes from a horizontal to an inclined position. At the location of vertical separation, composite action is no longer maintained and the concrete is
essentially carrying additional load. Vertical separation also results in the
disengagement of a part of the mechanical shear devices near that location.
With the increase of the applied load the process will continue; more vertical
separation, more load carried by concrete and more shear devices become disengaged. The second stage of failure will be reached when the additional load
carried by the concrete becomes sufficiently large to initiate a diagonal
tension crack. Almost at the same time the concrete shear-span portion begins
to slide over the steel deck since part of the shear devices, disengaged ones,
are not active, resulting in end-slip. Increasing the load beyond this point
causes more vertical separation, widening the concrete crack and increasing
end-slip.
The ultimate load is reached when the size of the crack becomes
excessi vely large and the concrete shear-span becomes disengaged from the
steel deck.
The failure mechanism described above, suggests that failure is initiated
when the bending resistance of the composite section breaks down near one of
the applied loads, where the bending moment is maximum. The break down in
bending resistance results in a vertical separation between the steel deck and
concrete. The vertical separation leads to a break down in shear resistance
since shear devices become disengaged at that location. This will cause more
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load to be carried by the concretel' leading eventually to a standard diagonal
tension crack which is usually exper,ienced in concrete sections without shear
reinforcement. The widening of the crack, as well as the disengagement of more
shear devices, will result in end-slip. This process continues until both the
bending and the shear resistance of the section are exhausted) at which time
the ultimate load is reached.
From the failure mechanism described above, one can conclude that the
ultimate shear-bond capacity of composite slabs is due to the combined bending
and shear resistances.
In other words, considering equilibrium of external
forces of the diagram shown in Fig. 3-a, one can write the following equation:
(5)

where Pu is the ultimate shear-bond capacity, Vb is the ultimate transverse capacity due to bending resistance and Vsh is the ultimate transverse
capacity due to shear resistance.
From equilbrium of external and internal
moments of the cracked section shown in Fig. 3-b, one can obtain the following
equation for Vb:
(6)
Fb is the force in the steel deck per unit width, d' is the distance
from the centroidal axis of the steel deck to the centroidal axis of the
concrete compression zone, B is the slab width and L' is the shear span as
defined before.
The force Fb is proportional to the steel deck thickness,
t. Hence, by assuming a first degree polynomial to represent the relationship
between Fb and t and that d' is directly proportional to d, Eq. (6) can be
rewritten as follows:
Vb = (k 1 t

+

k 2) Bd

L'

where kl and k2 are unknown coefficients to be determined from laboratory performance tests for each product type.
Again, by considering equilbrium of internal and external moments of the
cracked section in Fig. 3-c, the following relationship for the ultimate
transverse capacity due to shear resistance is obtained:
(8)
where Fsh is the ultimate resisting shear stress between the steel deck and
concrete.
It can be seen that Fsh is proportional to the steel deck thickness, t. Hence, by assuming a first degree polynomial to represent the relationship between Fsh and t, and that d' is directly proportional to d, one
can rewrite Eq. (8) as follows:
Vsh = (k3 t

+

kif) Bd

(9)
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where k3 and k4 are unknown coefficients to be determined the same way as kl
and K2 mentioned before. Substituting Eqs. (7) and (9) into Eq. (5) and rearranging, the following is obtained:

~

(10)

2Bd

Eq. (10) can be rewritten in the form of Eq. (4) of Table 1 by substituting
Vu for Pu
b
2B
EVALUATION AND COMPARISON OF SHEAR-BOND EQUATIONS
In order to evaluate and compare the shear-bond equations presented in
Table 1, experimental data of 196 one-way composite slabs failing in shearbond was collected. Slabs were simply supported and subjected to two symmetrically placed line loads.
The data comprises nine different groups from
four different manufacturers, each of which was given a three-digit identification number. The first digit designates different manufacturers, while the
other two digits designate different product types of the same manufacturer.
For each group, steel decks with different steel deck thickness were given the
same data group number. Each group of the data have the same following characteristics:
1.

3.

Same manufacturer's product type.
Same unit weight of concrete.

2.

4.

Same coating conditions.
Same steel deck width.

Differences in shoring conditions were not considered, as it was found (2,6)
that the shoring conditions have no adverse effect on the ultimate shear-bond
capacity.
Eqs. (1), (2) and (3) in Table 1 can be expressed in the form y = mx + k,
while Eq. (4) can be written in the form y = klXl + k2X2 + k3X3 + k4. The
coefficients m and k must be evaluated for each product type and each steel
deck thickness separately, using a linear regression analysis.
The coeffi
cients kl through k4 must be evaluated for each product type only, regardless
of the variation of steel deck thicknesses, by using a multi linear regression
analysis. Experimental data are needed for linear and multi-linear regression
analysis. The number of test results required for the analysis depends mainly
on the level of accuracy required of the computed ultimate shear-bond values.
In order to obtain a level of accuracy of +15% between computed and experimental ultimate shear-bond values, Porter and Ekberg (4) recommended that data
of eight experiments be used in the evaluation of m and k for each steel deck
thickness of each product type.
For a manufacturer producing 4 different
steel deck thicknesses 8 experiments are needed for each of the four steel
deck thicknesses produced, resulting in a total of 32 laboratory performance
tests in order to obtain that level of accuracy.
In order to determine which equation results in a better accuracy with
the least possible number of experimental data, the four equations in Table 1
were studied. The results of Eqs. (1), (2) and (4) only are presented in the
following part. Results of Eq. (3) are not presented herein, since they were
of the same level of accuracy as Eqs. (1) and (2) as indicated before. The
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study was carried out in the three steps as illustrated in Table 2. In each
step the coefficients of each of the three equations were determined using a
number of specified data. The values of the coefficients were then substituted
in the corresponding equation in order to compute the ultimate shear-bond
capacity for each experiment. Finally, different statistical measures such as
the sum of square deviations, the correlation coefficient, percent error,
etc. were computed in order to compare the computed with the experimental
ultimate shear-bond capacity for each experiment and for each equation.
STEP I
The coefficients of each of Eqs. (1), (2) and (4) were evaluated for each
steel deck thickness of each product type by using all of the test data available for that particular thickness (see Table 2). The results of this step,
as shown in Table 3, indicate no apparent difference between the three investigated equations.
The correlation coefficients are close to unity (never
less than 0.938), which indicates a good correlation between the variables of
each equation. The sum of square deviations, similarly indicate no significant difference between the three equations. A sample plot of the experimental
versus the computed ultimate shear-bond capacities for each equation is shown
in Fig. (4). The plots confirm the similarities between the three equations
within the adopted scatter band of +15%.
STEP II
In this step all of the test data of the different steel deck thicknesses
of each product type were used to evaluate the coefficients of each of Eqs.
(1), (2) and (4) (See Table 2), i.e., one set of the coefficients of each
equation was evaluated for each product type regardless of the variation in
steel deck thickness. The results shown in Table 4 indicate that only Eq. (4)
maintains the same level of accuracy as obtained in the previous step. For
Eq. (1), for example, the correlation coefficient for Deck 730 dropped by
10.6%, from 0.998 (see Table 3) to 0.896 (see Table 4). For Eq. (2), and for
the same product type, the correlation coefficient dropped from 0.998 (see
Table 3) to 0.874 (see Table 4), which is about 12.4%. The corresponding drop
for Eq. (4) is only 0.1% as the correlation coefficient changed from 0.998
(see Table 3) to 0.997 (see Table 4).
A similar comparison between the
results of Tables 3 and 4 of the other product types shows the same trend.
The correlation coefficient gives a quantitative measure of the association
between the variables when data of different steel deck thicknesses are
combined during the evaluation of the coefficients of each equation. For Eq.
(4), the correlation coefficients shown in Table 4, are very close to unity
showing very good association between the variables of Eq. (4). But for Eqs.
(1) and (2) the correlation coefficients dropped to 0.841 for Eq. (1) of
Deck-300 and to 0.874 for Eq. (2) of Deck-730 showing much less association
between the variables of these two equations when data of different thicknesses was used together. Also, one can observe from Table 4 that the Sum of
Square Deviations (SSD) corresponding to Eq. (4) is much less in comparison to
those of Eqs. (1) and (2). For Deck-730, the SSD for Eq. (4) is 1.880 compared with 58.631 and 69.853 for Eqs. (1) and (2), respectively. Furthermore,
comparing the SSD values of Table 3 with the corresponding values of Table 4,
one can observe that the values corresponding to Eq. (4) have only slightly
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changed, while the values corresponding to Eqs. (1) and (2) have increased
considerably.
Plots of a sample of the results of this step are shown in
Fig. (5).
The plots corresponding to Eqs. (1) and (2) are shown to be more
scattered compared with previous plots shown in Fig. (4).
For Eq. (4) the
plot shown in Fig. (5) is less scattered over the +15% band limit and is very
similar to that of Fig. (4).
STEP III
Only Eq. (4) was investigated in this step since it gave much better
results in the previous step. The coefficients of Eq. (4) were evaluated for
each product type using selected sets of data points.
As shown in Table 2,
each set consisted of a sample of two data points of each steel deck thickness
available of each product type.
The data points were chosen to cover a wide
range of the shear span lengths, L'. Except for Deck-424, the correlation
coefficients range from 0.944 to 0.999 (see Table 5) which shows a good correlation.
In general, the correlation coefficients only slightly dropped in
this step compared with the previous steps. This drop which ranges betw~en 0%
for Deck-720 and 2.78% for Deck-412 can be neglected. For Deck-424 the drop
is relatively high (from 0.939 in Table 3 to 0.865 in Table 5), which can be
attributed to the wide range of shear span lengths of this particular product
type.
Hence, by only selecting two points of each thickness, it was not
possible to cover the entire range of L'. Comparing the SSD values of Table 5
with the corresponding values of Tables 3 and 4, it can be seen that no significant increase occurred.
A sample plot is shown in Fig. (6) for the same
product type as shown before.
The plot demonstrates that still most of the
points fall inside the +15% band, although they are more scattered. This step
demonstrate that for each product type having two or more steel deck thicknesses, only two data points are required from each steel deck thickness. In
other words, for a manufacturer producing any product type of 4 different
steel deck thicknesses, he is required to perform only 2 experiments for each
steel deck thickness or a total of 8 (4 x 2) experiments for the product
type. The accuracy obtained from only the eight experiments is expected to be
within +15% as demonstrated in this step.
One should recall here that the
same manufacturer is presently required to perform up to 32 experiments to
maintain the same level of accuracy as discussed before.
CONCLUSIONS

As a result of the study presented in this paper, the following conclusions can be made:

1.
A number of laboratory performance tests are required in order to
determine the ultimate shear-bond capacity of composite slabs.
2. Using Eq. (4), a total of eight suitable laboratory performance tests
are required for each manufacturer's product type.
This total number of
experiments is about 1/4 of the number presently suggested in order to achieve
the same level of accuracy of +15%.
3. Eq. (4) gives the same level of accuracy as that obtained from existing equations if data of different steel deck thicknesses are considered
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separately. However, when data of different steel deck thicknesses were considered together, Eq. (4) was shown to give a much better accuracy.
4.
Eq. (4) supports recent work on composite slabs which showed that
neither the percent of steel, P, nor the concrete compressive strength, f~,
any appreciable effect on the ultimate shear-bond capacity.
5.
The shear span is the only apparant variable affecting the ultimate
shear-bond capacity of composite slabs of the same product type and of the
same steel deck thickness.
This conclusion is obvious from Eq. (4) i f the
steel deck thickness is set equal to a constant.
ACKNOWLEDGEMENT
This research was carried out at the University of Waterloo and was
sponsored by the Canadian Steel Industries Construction Council (CSICC). The
authors wish to thank CSICC for having provided the necessary financial
resources in support of this work.
We wish to also thank Mr. Derek Tarlton
for his guidance as project coordinator during the course of the work.

CAPACITY OF COMPOSITE SLABS

519

APPENDIX I - REFERENCES
[1] "Building Code Requirements for Reinforced Concrete", (ACI 318-77), American Concrete Institute, Detroit, Mich., 1977.
[2]

Ling, W.C., "Ultimate Capacity of Composite Steel Deck Concrete Slabs",
paper presented to the University of Waterloo in partial fulfillment of
the requirements of the degree of Master of Applied Science, University
of Waterloo, Waterloo, Ontario, Canada, 1976.

[3]

Luttrell, L.D. and Davison, J.H., "Composite Slabs with Steel Deck
Panels", Proceedings of the Second Specialty Conference on Cold Formed
Steel Structures, University of Missouri-Rolla, October 1973, pp. 573603.

[4]

Porter, Max. L., and Ekberg, Carl E., Jr., "Design Recommendations for
Steel Deck Floor Slabs", Journal of the Structural Division, ASCE, Vol.
102, No. STl1, Proc. Paper 12528, November, 1976, pp. 2121-2136.

[5]

Porter, Max. L., Ekberg, Carl E., Jr., Greimann, Lowell F. and Elleby,
Hotten A., "Shear-Bond Analysis of Steel-Deck-Reinforced Slabs", Journal
of the Structural Division, ASCE, Vol. 102, No. STI2, Proc. Paper 12611,
December, 1976, pp. 2255-2268.

[6]

Schuster, R.M., "Strength and Behaviour of Cold-Rolled Steel-Deck Reinforced Concrete Floor Slabs", Ph.D. Thesis, Iowa State University, Ames,
Iowa, 1970.

[7]

Schuster, R.M., "Composite Steel-Deck-Reinforced Concrete Systems Failing in Shear-Bond", Preliminary Report, Ninth Congress of the International Association for Bridge and Structural Engineering, Zurich,
Switzerland, 1972, pp. 185-191.

[8]

Schuster, R.M., "Strength and Behaviour of Lorcomp 1.5 Composite SteelDeck-Reinforced Concrete Floor System", Waterloo Research Institute,
Report No. WRI-4045-1, University of Waterloo, Waterloo, Ontario,
Canada, January, 1975.

[9]

Schuster, R.M., "Strength and Behaviour of Lorcomp 1.5R Composite
Steel-Deck-Reinforced Concrete Floor System (Lightweight Concrete)",
Waterloo Research Institute, Report No. WRI-4045-2, University of
Waterloo, Waterloo, Ontario, Canada, May, 1976.

[10]

Schuster, R.M., "Composite Steel-Deck Concrete Floor Systems", Journal
of the Structural Division, ASCE, Vol. 102, No. ST5, Proc. Paper 12116,
May, 1976, pp. 899-917.

[11]

Schuster, R.M., "Strength and Behaviour of Lorcomp 1. 5R Composite
Steel-Deck-Reinforced Concrete Floor Sys tem (Light Weight Concrete)"
Waterloo Research Institute, Report No. WRI-4045-3, University of
Waterloo, Waterloo, Ontario, Canada, August, 1976.

520

SIXTH SPECIALTY CONFERENCE

[12]

Schuster, R.M. and Ling, W. C., "Mechanical Interlocking Capacity of
Composite Slabs", Fifth International Specialty Conference On ColdFormed Steel Structures, St. Louis, Missouri, U.S.A., Nov., 1980, pp.
387-407.

[13]

Seleim, S.S., "Ultimate Shear-Bond Capacity of Composite Steel Deck Concrete Slabs," M.A.Sc. Thesis, University of Waterloo, Waterloo, Ontario,
Canada, 1979.
APPENDIX II - NOTATION
cross-sectional area of steel deck per unit width of slab;

B

width of slab;

b

unit width of slab;

d

effective depth of slab (distance from the centroidal axis of
the steel deck to the top surface of the concrete compression
zone) ;

d'

distance from centroidal axis of
of concrete compression zone;

steel deck to

centroidal axis

force in the steel deck per unit width;
f'
c

concrete compressive strength;
ultimate resisting shear stress between the steel deck and concrete;

k

coefficient to be determined from laboratory performance tests;
coefficients to be determined from laboratory performance tests;

L'

length of shear span (distance between load and nearest support);

m

coefficient to be determined from laboratory performance tests;
ultimate shear-bond capacity of composite slabs;

s

center-to-center spacing of shear transfer devices (for embossments
s is set equal to unity);

t

steel deck thickness;
ultimate transverse capacity due to bending resistance;
ultimate transver.se capacity due to shear resistance;
ultimate transverse shear-bond capacity per unit width of slab;

p

percent of steel, Ag/bd;
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Different Steps of the Analysis

Equation
Investigated

Data of each group used in the
evaluation of coefficients

I

(1) , (2)

& (4)

ALL available data having the same steel deck
thickness.

II

(1) , (2)

& (4)

All available data of different steel deck
thicknesses.

III

(4)

The sum of two data points of each steel deck
thickness.

TABLE 3. -

Statistical Results of Step I

Correlation Coefficient

Sum of Square Deviations

Data Group
Eq. 1

Eq. 2

Eq. 4

Eq. 1

Eq. 2

Deck - 300

0.980

0.982

0.980

7.962

7.027

7.774

Deck - 310

0.982

0.982

0.982

14.160

14.151

14.077

Deck - 320

0.987

0.987

0.987

0.956

0.940

0.944

Deck - 412

0.964

0.969

0.971

15.023

12.991

12.132

Deck - 424

0.942

0.-938

0.939

40.076

42.826

42.116

Deck - 710

0.993

0.988

0.991

3.277

5.117

4.142

Deck - 720

0.998

1.000

1.000

1.226

0.326

0.326

Deck - 730

0.998

0.998

0.998

1.349

1.210

1.210

Deck - 800

0.980

0.985

0.986

22.731

17.445

16.095

Eq. 4
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TABLE 4. -

Statistical Results of Step II

Correlation Coefficient

Sum of Square Deviations

Data Group
Eq. 1

Eq. 2

Eq. 4

Eq. 1

Eq. 2

Deck - 300

0.841

0.949

0.977

58.083

19.856

9.067

Deck - 310

0.947

0.970

0.982

41. 368

23.446

14.540

Deck - 320

0.955

0.964

0.986

3.183

2.537

1.035

Deck - 412

0.937

0.937

0.971

26.116

26.321

12.433

Deck - 424

0.850

0.902

0.939

98.719

66.244

41.779

Deck - 710

0.938

0.976

0.986

26.478

10.313

6.111

Deck - 720

0.882

0.949

0.999

75.062

33.204

0.727

Deck - 730

0.896

0.874

0.997

58.631

69.853

1.880

Deck - 800

0.964

0.982

0.972

40.802

20.985

31. 964

TABLE 5. -

Eq. 4

Statistical Results of Step III

Data Group

Correlation Coefficient

Sum of Square Deviation

Deck - 300

0.970

11. 749

Deck - 310

0.962

30.036

Deck - 320

0.975

1. 812

Deck - 412

0.944

23.280

Deck - 424

0.865

89.441

Deck - 710

0.976

10.439

Deck - 720

0.999

0.576

Deck - 730

0.995

2.960

Deck - 800

0.979

24.149
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Fig. 1 - Example of Steel Deck, courtesy of Westeel-Rosco Limited,
Toronto, Ontario, Canada.
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Fig. 2 - Typical Shear-Bond Failure
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DECK 730
SCHUSTER's EXPRESSION

30

Thickness, t (in)

o 0.0510
6

0.0330

24

~ 18

g

Cl

«
o
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Width of Slab (in): 24.25
Depth of Steel Deck (in): 1.5
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Fig. 4a - EXPerimental and CALculated Ultimate Shear-Bond
Capacities of Deck-730, Eq. (1), Step I.
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Fig. 4b - EXPerimental and CALculated Ultimate Shear-Bond
Capacities of Deck-730, Eq. (2), Step I.
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Fig. 4c - EXPerimental and CALculated Ultimate Shear-Bond
Capacities of Deck-730, Eq. (4), Step I.
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Fig. Sa - EXPerimental and CALculated Ultimate Shear-Bond
Capacities of Deck-730, Eq. (1), Step II.
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Fig. 5b - EXPerimental and CALculated Ultimate Shear-Bond
Capacities of Deck-730, Eq. (2), Step II.
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Fig. Sc - EXPerimental and CALculated Ultimate Shear-Bond
Capacities of Deck-730, Eq. (4), Step II.
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Fig. 6 - EXPerimental and CALculated Ultimate Shear-Bond
Capacities of Deck-730, Eq. (4), Step III.
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